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Technical Lesson 23 


VACUUM TUBES 


we now come to the study of the Vacu^ Tube.^a device jhich^is^^the^ 

foTive MrUiviLra?tenhio^ 

tre\:?irof”tSe v:cu^\':he"wf sSould 

electron in a vacui:mi. To imagine an study of the 

follow the actions of tShfls‘coSaratlvIly easy 

?f^%trst^s:nrw?ii^??L^fnt^:t;r^h^-ise it is 

It S ^h^n^^de^rs^ofdf livL^^claa? Idea of the relation between 
radio circuits and vacuum tubes. 

freauenoy rays are involved. 

applied to it regardless of the frequency. 

v^isTtS T, ?s"?su«; 

?ier if soSetLes used to indicate the detector action, 
signal wave. 

r:.ss.?»? frcsr«°L";&5'rsssr “ 

Before these ^-^-ious functions can be explained^it^^ 

have a taiowledge of the ^ controlled. Until recent 

what extent these characteristics c ^ ^Qj^geming many phases 

years no satisfactory application of elec- 

LssfS^LKToSvS:-^^;.: 1 
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force, current, and resistance was explained "by Ohm and put into 

the form of a law, the law being known universally as Ohm’s Law, 

Discoveries were also made regarding the generation of electrical 
pressure by chemical action between certain liquids and metals. This 
lead to thi development of the battery, and then came 

riTTnamo No satisfactory explanation was offered at the time 
oLcernSr^e’elLtrlcal phenomena of these discoveries jet they were 
of great practical value In determining from the results obtained, 
experimentally, many of the present laws of electricity. It also 
beLme necessLy to settle upon certain arbitrary 
Which electrical force and energy could be measured ^d computed, 
these being known as Universal Electrical Units which were explained 

in a previous lesson. 

It was also found necessary to assume a certain direction 
electricity flowed through a conductor. Scientists decided to call 
tVi(=> ropper or carbon plate of a primary cell the positive terminal, 
and the zinc plate the negative terminal, and considered that elec¬ 
tricity flowed in an external circuit from the positive . 

t^th^negative electrode. It must be understood that this direction 
given to the current flow was entirely an arbitrary one and 
upon only as a matter of convenience in understanding certain phenomena. 

For many years the atom was regarded as the smallest unit into which 
matter could be divided and still retain its chemical and physical 
properties and the phenomenon was then explained 

Tn recent years many scientists have accepted the general belief that 
the atom is itself subdivided into many thousands of particles termed 

electrons and that these electrons carry with of 

+--n-io-Ti-v Tt has been found that under certain conditions these electrons 

nnrticles of negative electricity can be made to move. ^Their movement 
from a negative^to a positive electrode and when in motion they consti¬ 
tute a current flow. This new theory is knovm as the Electron theory of 

matter”. 

Ti* was shown in the study of electrostatics that, on joining two charged 
bodies together by a metal connection, a momentary flow of electricity 
takes Place due to a difference of potential between the two bodies, the 
fSrlasting oniruntil a transfer of charges takes place of the proper 
order to bring about a state of neutralization between them, i/hen, 
rowever° f cS^dtctor forms a closed electric circuit and an electro¬ 
motive force is applied to it by connecting each end of the 
to some device such as a generator, “I'^^ttery, a potential difference 
is created along the entire circuit. Due to the effect of this electro 
riptflchable. or free electrons, are set into motion, taki^ 
zlg zag paths to and fro through the conductor but, on 

continuously forward movement from one end of the conductor to the 
o-j-Vior This results in a continuous flow of electrons which are negative 
eiec^^ic charges arouiS the entire circuit. It is this flow of electrons 
that constitutes what is termed an electric cijrrent. 
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from positive to of the electron flow, however, 

as -nirp^to nositive The terms positive and negative bei^ 

"f£si rrcoSs fo 

~ ;L;.aS“ 

referring to current flow and electron movement* 

THERMIONIC CXJRRENTS 

■by Thomas A. Edison in currents which leads up to the vacuum 

to an his ;vork with the electric lamp, found that 

tube of today. Edison, in ^ dark coating formed on the in- 

t the^l^o becoSnS in some^instances nearly black with long 
side of the lamp, this effect and further research 

SfStlon .h.„ th. ni...nt .f tt. 1»P 

was heated* 

Ti» .«.ct .£ tM «»• rtst o? 

flowed 5;f‘”'iJ“’ ?LSSh SrSodS. of th. li, 

to the plate discolered that, when the galvanometer 

j^,SL5‘i;rfo;owS‘j”.* ;s St V. Jig 0^« 

carried out by several ®®^®^^^®^|*EdJson^ef?^ct; cam^tr^he conclusion 
experimenting and ffil^ent of the lamp to the 

SS.TdfdT.ol!2”~*^fKSto5ToS% to td. f.i-,«t 

Ind the plate was charged to a positive potential. 

conclusions of the 

what is now called the elecyon TuHich were forced away from the 

oonsisted of masses of the^ tvhen ^h^fllLant was brought to incan- 

-fw^rd ^?|e filamen^^^^^^^^ ^rh^s^n^tefnlenerally 

^oLlt^d^fh^it ffb^-eanrof the electron that electricity is carried 
through a conductor or through a vacuum. 

The atoms, of which an element ^ composed f- 

rfiSi!"’iwtdK fo?r;s.i«°nJ^dS Of 5i.ot,.n.. f- „t„, of 
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an atom differs according to the number and arrangement of its comple¬ 
ment of electrons. Thus the difference between copper and iron would 
?^en be ^oco^t^e^for by the fact that the atoms of l-°n have a differ¬ 
ent number and arrangement of electrons than atoms of copper. 

The atom of elements cannot be changed by any way known to science 
which means that the structure of the atoms (referring to the electrons 
which are a part of the atom) cannot be taken from it. There are, how¬ 
ever, surrounding the atom additional electrons which can be forced 
away and it is these electrons, called free electrons, that we will 
deal with in the vacuum tube. 

fpliere are always large numbers of electrons in an atom and normlly 
thiron^tltramounti to a given number just sufficient to neutralize 
the effect of the positive nucleus. Generally but one electron can be 
detached from an atom even though it may have a great many associate 
e?ec?roL: SnSr normal conditions the atom possesses no flectrxcal 
charge because a perfect state of neutralization 
positive charge and the electrons. When, however, one of 
electrons is forced away by some cause or other this perfect balanc 
is destroyed and the atom predominates in positive charge because it 
is now deficient in its complement of electrons. 

ItoSs^’thf atoris'^sairto'^have^a^smirposltivrcL^^^ 1^*^, 

Bkll: Stie^lf^h^Se^ ^ody 

is one having more than its regular complement of ^ ® 

foregoing we may state that a positive charge is a charge lacking 

election! and a negative charge is a charge with 

rt'f oTr>nt-pons If in any two bodies, one has more free electrons 

one Jrsa?d to ll at a higher negative potential. When the 
potential difference between the bodies is great, and if they are 
broueht close together, a spark will be seen to pass between them, 
^at^appens is that the electrons passed to the body of low negative 
potential in an effort to bring about a state of balance. 

ELECTROH EMISSION 

emission of electrons is dependent upon the temperature of the 
???a^enr the Tize (area) of the filament, the nature of the substance 
employed^s the filament, and the medium in which the filament is 

sSK! “s: “Sh.. ?he-.„. h,.. i. .ppu.^ 

both filaments. 
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Tills increase In electron emission Increases as 

increases until the maximum emission takes place 

beLw the melting point of the filament.' Heating the filament 

to excessive temperature is of no advantage as you will late 

learn. 

n-p filament, that is, the material employed 

in^its™manufacture, willliave a bearing upon the electron emission. 

^ome metals, when heated, do not emit as many electrons as others. 
Ca?boS for example will emit a certain quantity of electrons hut 

large quantities as tungsten. Tungsten is materi- 
electioniremission when another metal called thorium 
j wit-Vi It Tt is the Thoriated Tungsten filament that is 

w 5S;.Srit 10. «5p.o.tu...o It ho. 0 v.r, 

high rate of electron emission. 

There is still another factor which has a great influence on 
llZtlll and\hat is the medium in 

isi ss’..s “S StSnVs™{t.'v.'.«r2<.-^ri ».o.; ot^o. 

tube will decrease the electron emission. Most of the 
up later in more detail). 

r.«“nSssr?»f«pS s."t rs »iSi» s.» r.'irtsrtJto, 

elect?onffrol the fUaSenfand not to the passage of the electron 
tlirough the vacuum. 

wLch^is^ble to project them beyond the influence of the atom to 
which they belong. 

to the retarding effect these ® thS^gSf Lve 

13 exhausted whereupon they are drawn back to the filament. 
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SPACE CHARGE 

electron constitutes a neSative charge try¬ 
ing from the f ^|he?lfLe! 1 ^ for the electron to 

projected electron. The g^g |n the vacuum also presents 

riStSnfSf.h'“fmSw“tTSSwr U.t.nc. f~. tM 

the newly emitted electrons. 

AS stated before, electrons flll^the^space^ahout^the heated fila- 

ment much as s'tes.m fills th ?. Q^gg^nds may he considered as actual 
electrons, in their aSd the^constltute in reality an 

sssifi; the«». nu. « « 

that is called "The Space Charge . 

consider a single electron. I ^ -by the black 

||i 3. HFSiS.^ 

first, hy overcomi^ ve?ocl?f ca?riL il SiSst whatever ■ 
jIlliLn “ ' r^foFflred hfS gaf nresent and, third, it , 

alainsrihe ?epelling force exercised against 
Figure 1 it hy the electrons which are moving about ahead of i . 

At the point shown at "A" the -loc^y of the electron isjpent and 

It Ls L fm^ther ®^^7<,fth?e?;ctrons b^o^d It,- also 

attLctfvrforcfof the filament and it finally returns and 
is absorbed by the filament. 

TeJini relchls'^pIiSt B^be?ore LIwn°bick to 

the filament. 

Electron "C" has left the f f af sK!^''TSs°electror 

either A or B charge where there is a greater 

has reached a point in the space cn^S charges 

?^ri: flec^ror-C" "ifac^ufur-^rtel its co^se further away 
from the filament to point D. 

The foregoing will serve electro^ tMs^helng important 

SirrvSg/sS-Hns.!-" - 
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THE PLATE 


in addition to creating a supply of electrons in the vacuum tube 
is necessary that we also create some attraction which 

thr^ate hal a connecting lead brS^ht ^ ^'"■fl^rthe^nlate 

any way. 

,i,t. r.p.i. “j,f f sSi?iS“Ser5”to»”.5«M'« 

this makes the plate order ?o restore thi state of 

from it, charge possible. This it does by 

balance, is o a -rac^^^^^^ which are being emitted by the filament. 

S^the plate is oonneoted f orce®i^edlately 

- ^s^rup ^e?5:ert»e3 t - --ment It is^^ ■ 

?-frry^:ide^^-oo^£^^^^^^ 

?o"?fatrwpcnimple means, when 

positive force the plate has for the electrons 

;s;%s3T»ni “p«?»?tri‘s u.tu ... .t 

filament _ ,filament 





Figi3re 2 


Pigtire 3 


Figure 4 


CHARACTERISTICS OP THE FLEMING VALVE 

The phenomenon of a vacuum tube can best be understood by making a 
preliminary study of the Fleming Valve. 
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• +. a Qmivop of current- known as the "A” battery 
The circuit consists of ^ sowo to the filament is made 

to heat the filament. The E.M.^^^PP^l pottery, is used to 

SlrS'the pto^r^nd Lis ^h^dld also he variable. Such a circuit 

shown in Figure 4. 

Xf the plate has a very small Le^plaL 

L°LLLhe°pla"teL Lr^r^atL majority of them are drawn hack 
into the filament. 





g Figure 5A 

It is to be noted here that ‘g^^g^g^^^oonnect^a^battery in the 
equal to the filament. giving the plate a high positive 

plate circuit as Under thLe conditions nearly 

potential with respect to the filament attracted to the 

all the electrons emitted from ^L + ivelY large plate current, as 
plate resulting in a flow of ^ ® .g B battery is connected 

indicated by the ^negative potential on the plate, 

as shown in Figure 4 because the emitted electrons are 

the meter will ?led by me negative plate. This clearly 

negative and they will .,,„^poTinot flow from the plate to the 

5S‘".rs.“io.iKrif 3.r.“r. si m aip.oti.p 

filament. 

AS we stated before the rate ®^°o/the IflaSLtranLLrLmper- 

of which the filament is made, siz ^ tube the temperature 

ature at which the filament is cannot change the position 

of the filament is a ^^riable factor. can change the 

nor size of any of the elements within the t^^e through it. 

iSTSsr?sirs s . s ^ ^ 

fs ‘5.ffiSSnf .3fS”.tSS.‘Sa“SoS£S“»SS. ..itfo 
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hence no plate fS Is olLed oun?ent 

of the mllllameter, M.A. Electrons will then te emitted 

through the filament the filament its temperatwe 

and as the cixrrent increases ^ electron emission* 

^11 be increased with a the rheostat resistance to 

By observing the g?Lter^d^lection will be noted with 

allow more current to ^ showing that the 

each change, or increase of increase of the filament heat. The 

plate current increases with plate where they are absorbed 

^ifctrons move ^“l^^nons are^t^owf^ the^filament and 

and, at the same rate, new between the filament and plate 

the number of are absorbed by the plate, plus the 

will depend If the filament temperature 

rate they are ol^^ission will also increase which 

iiirssJiJ.'JS'’—;/s >» «■» 

and plate. 

This mass of electrons Produces, in the^spa^.^a^negative^space^^ape 
and this charge effects the elec opposite effect 

repel them, “’^e^frtiL! When the filament temperature 

to that which the number of electrons present will 

has been raised to a certain ^ai^® j: between the space charge and the 
be great enough to create a balanc charge lioomes stifficiently 

p!ate potential. That is to say. the ®P®®®®XtL plate. After this 

negative to neutralize the positive^eff^^t^^f th^^P ^ ^ ^ 

M^en^^Se^fil^ent temperature offgiven "B" battery 

""^ft^ge'aToiht will be ^efeh^d Tere a further increase of filament heat 
;iu fot p?odfce a greater flow in plate current. 

Many owners of radio neceivi^ sets have i*e idea that^better^results 

whl be obtained if they operate the tubes wxt^^g ^ 

This is not true because, beyond a c the higher tejnper- 

Sf orthr^ifa^ent^LmrirshorteL the life of the tube. 

How, if a greater plate o^rrent is desired ®ny potential il applied 
creasing the "B" battery voltage so that a nign^^^P^ deflection of the 
to the plate. The result will be noted oy plate potential 

meter placed in the plate there will again occur a point where 

but increasing the ^‘J^nment c^rent th ^ further increase in 

further increase in filament hea g value of plate potential there is 

plate current, therefore, for a ^ven vaiu 

;i:ns?;S"5in ;”S ssss.. .f u rii»»t b.cc.... 

Tils .ollon Just ““““J *“ . 

;i:,rriu™if:«rr.s;"s»=5..“? pi.«. p»t..ti.i, iu<.io.ti», tu.* 
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all the electrons emitted are not being attracted to the plate but 
some are returning to the filament. That portion of the B curve 
which flattens out indicates that nearly all electrons emitted are 
bei^ absorbed by the plate. It is at this P^^t of the c^ve that 
the milliameter will indicate nearly a maximum plate current flow. 

It "C" the curve is almost flat as nearly all the electrons emitted 
are now being drawn to the plate, this point being called the POint 
of sitoatlol, or saturation current. A further increase in plate 
potential will not increase the plate current flow as indicated by 
the flat portion of the curve at "D". 

The dotted lines of the curve, EFGH, IJKL, MNOP show the same effects 
as ABCD, for tliree different values of plate potentials appli 
different times. The filament temperature was Increased until the 
saturation of plate current in each instance was obtained. 

GAS EFFECTS 

The subiect matter Just given applies to tubes which are theoretically 
pe^felt in vacuum, illowing the electrons to pass i^the space between 
^ the filament and plate without interference* 

' When, however, small traces of gas are left in 

/ the tube the electron current, which flows when 

/'VV’V"’ a positive potential is applied to the plate, 

/” is increased over that obtained under^the^same 

>conditions with tubes highly evacuated. The 
/' increase in electron current takes place, however, 

A-rV"H “• condition that ionization takes place. 

/ ^ 

IONIZATION 

° "* ionization is the effect produced when electrons, 

on their path from the filament to the plate, 
collide with the molecules of gas in the tube. 

The molecule of gas is disrupted by the collision and it frees detach- 
able electrons which then flow with the main body of electrons origi¬ 
nating at the filament, 

AS the "B" voltage is increased the attraction of the plate for the 
elections is Increased. This, of course, effects the speed of the 
eLctrons and when they strike the gas molecules 

the number of electrons freed from the molecules of ps will be in 
creased. It is the liberated electrons from the gas molecules joining 
the main stream of electrons that Increases the plate current, 

AhP electrons being emitted from the filament have attained a 
!SeedSreIt enough theFbreak up the gas molecule into free electrons 

.s-r-rrirH. 


F4 




FILAMENT HEAT 

Flgiire 7 
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at this point the greatest velocity of the electron occurs. The 
positive ions thus formed cannot flow to the plate because the plate 
Is positively charged, and like charges repel, and the ions will then 
move toward the filament. Upon striking the filament they break loose 
more electrons, which again increases the quantity of electrons available 
to bombard the plate. 

Ionization, therefore, is the splitting or breaking up of gas mole¬ 
cules into free electrons which are always negative and positive 
charged ions. The freed electrons forming with the main stream of 
electrons, and the ions' shaking more electrons free from the fila¬ 
ment which at once start on their journey to the plate, produces 
increased current in the plate circuit. 

THE THREE ELEMENT VACUUM TUBE 


The three electrode tube differs from the two-element tube only in 
the Introduction of a third element, called the grid. 


The introduction of the grid brought about a change in radio that 
has had a far reaching effect. In fact it was the most important 
contribution made in the advancement of radio communication since 
the Fleming Valve was perfected. It greatly increased the sensi¬ 
tiveness of all receiving apparatus used in radio and is directly 
responsible for all the uses of the modern vacuum tube in trans¬ 
mitting and receiving apparatus. 


The grid is capable of controlling the electrons which fill the space 
between the filament and plate. It exercises a directive power over 
the cloud of electrons which are racing with tremendous speeds toward 
the plate. The grid allov/s certain quantities of the electrons to pro¬ 
ceed to the plate or it may prevent them in some cases from striking 
the plate at all. 


By making the grid alternately positive and negative the quantity of 
electrons flov/ing from the hot filament to the plate can be increased 
or decreased. It can thus control large powers of plate Current. The 
amazing feature here is that very small power applied to the grid will 
exercise this control. How this is accomplished will now be considered. 


THE USE OP THE GRID 


The theory of the two electrode tube, relative to the electron flow, 
the space charge, etc., will now be applied while explaining the ef¬ 
fects produced by the introduction of the third element, the grid. 

The grid is placed in the tube to control the electron flow from 
filament to plate. For this reason it is often compared to the 
trigger action of a gun, or the valve control over water, steam 
lines etc. In the grid, however, we utilize electricity to affect 
this control. You will remember in our study of the two electrode 
tube that the space between the filament and plate was filled with 
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^ 4 -^ +-> 1 ^ -f-ViY^PP electrode tube shown In Figure 8. 

How let us refer the middle of the cloud of electrons 

The grid will wfnow connect the negative termln- 

oonstituti^ the spaoe^charg ^^3 shown In Figure 8 we place a 

al of a third hatt y which will assist the negative space charge, 

negative charge on the which ™ l additional negative charge 

Since the space charge is already ® ^ f electrons which otherwise 

on the grid wiUhopel the greater n^her of eieo^^ 

would have traveled directly to the plate. current results. If 

plate is battLy in Figure 8 arranged so that it is 

we have the grid potential battery i| negative charge on the 

variable, allowing Sradually^increase^the^^^ 

grid, a point will ^ notential will become great enough to ef- 

by increasing the the electrons emitted hy the filament. 

K;.rL°s:B3w’-?or'.;%f .f th. ,i.« .„i 

neutralization is the result. 




-hotterv "G" SO the positive terminal is oon- 
How let us reverse the battery „ give the grid a 

nected to the Varies atLact, tL grid will have 

positive charge „J^®trona^and also conteracting, to a 

the effect of attracting the ^^he plate current will be 

certain extent, “drio^ltlve, has now added an at- 

increased because the plate and consequently assists 

a^:?a^cring eL^c^r ns to ttj chadded positive force 

Ssf Ltwfen^^Se'fire ^K^^wtres strll^ing the plate in greater quantities 

so.e Of the iis 

therein. This ^ becau se large grid current is 

be introduced to keep ^cLe variable as in the case 

of FiS^e^s', aS then frUally cLnged so that an increasing positive 
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charge is placed on the grid, more and more electrons will be assisted 
to the plate, but there will be a point reached where further increas¬ 
ing the positive potential of the grid will not draw more electrons 
from the filament. When the saturation point has been reached further 
increasing the grid potential will not increase the plate current. 

When we consider the repelling effect the space charge has on electrons 
beins emitted it is easily understood how the electron flow is effected 
when we introduce any element that will either increase or decrease this 
action of the space charge. The grid has the,power to exercise this con¬ 
trol as you have observed* 

The radio wave is alternating current, rapidly changing from positive 
to negative. This current is led directly to the grid in the radio 
receiver and changes the grid rapidly from positive to negative thereby 
controlling the flow of electrons which, in txirn, determine the plate 
current flow. The plate current flowing through the telephone re¬ 
ceivers is made to change in this way. The tube action in the re¬ 
ceiving set will bring this explanation out in more detail. 


EXAMINATION - LESSON 23 
1, What are Thermionic Currents? 

2m Of what importance was the discovery of the "Edison Effect ? 

5, Does the atom normally possess an electrical charge? 

4. Upon what does electron emission depend? 

5 , Tell what you know about "space charge". 

6, (a) In a vacuum tube what is the function of the plate? 

(b) The filament? 

7, What is the effect of ionization? 

8. HOW does the three element tube differ from the Fleming Valve? 

9. Of what importance is the grid element? 

10. When the heat applied to the filament is increased is there an 
increase in the electron emission? 
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